Özet. Topuk kemiği kırıklarının teşhis ve tedavisinde, Bohler açısı büyük öneme sahiptir. Bu çalışmada, Bohler açısı, yapay sinir ağları metodu ile tahmin edilmiştir. Bu açı, daha önceden Cumhuriyet Üniversitesi anatomi laboratuvarlarında 51 tane iyi korunmuş topuk kemiğinden elde edilmiştir. Tahmine ait veriler, maksimum anteroposteriyor uzunluğu, maksimum yükseklik, kübital faset yüksekliği, vücut boyu ve yük kolu uzunluğudur. Bu 5 farklı parametre kullanılarak, Bohler açısı üzerine ANN tahminleri yapılmıştır. Açıkça görülmüştür ki, metod bu tahmin için elverişlidir.
INTRODUCTION
Detailed knowledge about calcaneus anatomy can facilitate alternative treatment procedures [1] . Calcaneus is the biggest tarsal bone among all other tarsal bones. It makes up talocalcaneal/subtalar joint with talus [2] . Many foot diseases such as talocalcaneal artritis and coalition, intra-articular breaks, flatfoot relate to talus or calcaneus and other bones of the foot [3] . Talocalcaneal joint allows for eversion and inversion movements of the foot. Morphometric values of calcaneus are important for anatomy science, diagnosis procedure and treatment in orthopedic surgery, kinesiology, anthropology and forensic sciences [2] . Furthermore, calcaneus measurements are necessary for osteotomy [4] . Boehler's angle shows the strongest relationship for walking dynamic and produces clinical information for the researched issues. The main aim of treatment of calcaneal breaks reconstruction of Boehler's angle and restoration of calcaneus shape together with convenience of joint surface [5] . Boehler's angle is composed of the line combining posterior tuberosity of calcaneus and peak of posterior surface and the line between the peak of posterior surface and anterior process of calcaneus [6] . Calcaneus breaks are the most common tarsal breaks. Many breaks are obviously distinct. However, the breaks which are diagnosed hardly can only be diagnosed with low Boehler's angle [7] . Decrease of Boehler's angle is important for breaks. If the Boehler's angle belonging to the populations cannot be determined, many variations can be observed in angle measurement after operation [8] .
In recent years, artificial neural network (ANN) method has been used in the bioengineering and biomechanics fields such as assessing parameters of gait symmetry [9] , modeling leg and monofin movements [10] , prediction of lower extremities' movement [11] , bone fracture healing assessment [12] and classification of bone density [13] . As a mathematical model ANN mimics the human brain functionality. It consist of several processing units called neurons which are connected to each other by synaptic weights. Two main type of data is needed for the method, one is input and the other is output data. In this method, the desired outputs according to the given inputs are produced by appropriate weight modifications. In the present study, five different measurements belonging to the calcaneus bone were used as input parameters of the ANN. The aim is to obtain Boehler's angle according to the inputs. It was shown that the ANN method is useful for estimating Boehler's angles.
MATERIAL AND METHODS

Material
In our study, 51 well-preserved calcaneus bones in Laboratory of Anatomy Department at Cumhuriyet University were used. There was no information about the bones. Furthermore, due to the fact that there is no any significant relation of Boehler's angle to age, gender or side of body, the data was not grouped according to these differences and considered as a whole. In calcaneus analyses, 5 distances were measured and called as parameters. Sixth measurement was Boehler's angle (Fig. 1 ). These parameters are maximum anteroposterior length (ML), maximum height (MH), cuboidal facet height (CFH), body height (BH), load arm length (LAL) and Boehler's angle (BA). These lines are; 1-superior magrin of posterior facet to superior magrin on anterior process 2-superior magrin of posterior facet to superior magrin of tuberosity. A sliding caliper with sensitivity of 0.1 mm was used in linear measurements and a goniometer was used in measurement of BA. 
Method of the analysis
In order to estimate Boehler's angle, the measured calcaneus bone values (5 parameters) and Boehler's angle mentioned in Section 2.1 were used. Artificial neural network (ANN) method was used as a tool for this estimation. The main task of the ANN is to give outputs in consequence of the computation of the inputs. ANN is a mathematical model that mimics the human brain and used in many fields for solving complex problems. It is composed of several processing units intitled neurons which have adaptive synaptic weights [14] . ANN is also efficient tools for pattern recognition. The ANN consists of three main layers: input, hidden and output layers. Each layer has own neurons named as input, hidden and output neurons. The neurons in each layers are connected to the others in the next layers of own. The input neurons received the data from environment and transmit via the connections. Then corresponding output data is given by the output neurons. In this study, one input layer with five neurons, two hidden layer with six (h=4) neurons in each and one output layer with one neuron (5-4-4-1) ANN topology was used for precisely prediction of Boehler's angle (Fig. 2) . The hidden layer and neuron numbers were taken as optimal ones after several trials. The total number of adjustable weights (w) without bias was 40 according to the formula given by w = p x h1 + h1 x h2 + h2 x r
where p and r are the neuron numbers in input and output layers, h1 and h2 are hidden neuron numbers in the first and second hidden layers, respectively. Hidden layer is needed for approximation any nonlinear function. The activation function of neurons in this layer can be any well-behaved nonlinear function. In this work we chose sigmoidlike (hyperbolic tangent) activation function for hidden layers whose formula given by
NeuroSolutions v6.02 [15] was used for calculations as an ANN software. All data (total 305) were divided into two parts. One of this is for the training stage and the rest is for the test stage. For the training stage, the algorithm was a back-propagation algorithm with LevenbergMarquardt [16, 17] . By appropriate modifications, ANN modifies its all weights until an acceptable error level between estimated and desired outputs is reached. The difference between these different outputs was measured by mean square error (MSE) given by
where N is the number of training or test data, yki and fki are the desired output and ANN output, respectively. After training of the ANN with final weights, the network performance is tested over an unseen data in the training stage. If the estimations of the test data are sufficiently good, ANN is considered to have learned the functional relationship between input and output data.
RESULTS AND DISCUSSION
The ANN method which is successful in the case of highly non-linear data as in this present study was applied on the data that was assigned for the training stage. The input parameters of the ANN were ML, MH, CFH, BH and LAL (see Fig. 1 ). In Table 1 , it was shown the range of the parameters used. As can be seen in the The desired output according to the given input parameters was measured values of the BA (BAmeas). After training stage, the final weights were obtained for the study. First by using these final weights, the trained ANN was tested over the training data. According to the results which are clearly seen in the Fig. 3 It was seen in the previous works [18] that the studies on BA is performed over different populations. Also it is noticed that an angle ranges belonging to the different populations were determined. In the present study of ANN, the BA was estimated with maximum deviation of 1.24 o . These results also remain the identified BA range. By using the ANN method, the results can be useful for restructuring operations of calcaneus fractures. Thus, measuring the five parameters about calcaneus bone helps calculations of BA whose correct determination is very important for the body structure and position. In addition, in the case of absence of one or more parameters of these five, it was seen that BA can also be identified by little more deviations. But the results of this type of work were not presented here to stand on the main purpose of the study.
CONCLUSIONS
This work suggest an alternative method, ANN, for obtaining BA value which is crucial in diagnosis and treatment of calcaneus fractures. The ANN method used different five measurements belonging to the calcaneus bone and gives the appropriate BA. It was clearly shown that the results obtained from ANN are in good agreement with the measured data. Particularly, our results indicate that one should take predictive power of ANN into account. The method has several advantage such as speed in calculations and no need any relationship between input and output data. Also in the case of absence some of the measurements belonging to the calcaneus bone, the method has still high predictive power on determining the BA.
